Vertebral bodies of teleost fish are formed by the sclerotomal bone covering the chordacentrum. The internal part of the sclerotomal bone is composed of an amphicoelous hourglass shaped autocentrum, which is common in most fish species. In contrast, the external shape of the sclerotomal bone varies extensively among species.
rerio (Hamilton) and on the Atlantic salmons, Salmo salar Linnaeus using histological or molecular biology methods (Fleming, Kishida, Kimmel, & Keynes, 2015) , and many aspects of morphology and developmental processes of fish vertebral bodies have been revealed. The first step in the development of vertebral bodies is mineralization, which occurs within the notochordal sheath and forms the cylindrical chordacentrum (Bensimon-Brito, Cardeira, Cancela, Huysseune, Grotmol, Kryvi, Nordvik, & Totland, 2003; Inohaya, Takano, & Kudo, 2007) . Chordoblasts or osteoblasts derived from sclerotomes are responsible for this mineralization (Bensimon-Brito et al., 2012; Grotmol et al., 2003; Inohaya et al., 2007; Willems et al., 2012) . The spatial pattern of the chordacentrum is determined by the segmental pattern of the notochord (BensimonBrito et al., 2012; Fleming, Keynes, & Tannahill, 2004; Wopat et al., 2018) . After the formation of the chordacentrum, osteoblasts derived from sclerotomes deposit bone matrix on the external surface of the chordacentrum.
The resulting bone is called sclerotomal bone (Grotmol et al., 2003) .
Because the sclerotomal bone continues to grow outward, most of the vertebral body of an adult fish is formed by sclerotomal bone.
Many studies have proposed different interpretations and nomenclatures for the parts composing the sclerotomal bone. However, according to the study on the Atlantic salmon by Nordvik, Kryvi, Totland, and Grotmol (2005) , the sclerotomal bone is divided into two different parts: internally, the bone is dense and formed by the ossification of the parallel-oriented collagen matrix, whereas, externally, the bone is less dense and formed by the ossification of the woven collagen matrix. The internal and external parts of the bone constitute the autocentrum and the arcocentrum, respectively . The autocentrum has an amphicoelous hourglass shape, formed by a continuous addition of bone matrix at the edge of the hourglass-shaped structure (Inohaya et al., 2007; Nordvik et al., 2005 ).
This hourglass shape has been widely observed in actinopterygians, and its morphology among the group is invariable (Arratia et al., 2001; Laerm, 1976) . Therefore, the developmental process of the hourglassshaped structure may be common among actinopterygians.
However, the shape of the arcocentrum that composes the lateral structure of the vertebral body varies substantially among teleosts and exhibits various morphologies with different arrangements of foramina, grooves, and crests (Arratia, 1991; Eastman, Witmer, Ridgely, & Kuhn, 2014; Laerm, 1976; Nordvik et al., 2005) . Nordvik et al. (2005) found that osteoblasts were located only on the external surface of the arcocentrum in the Atlantic salmon, suggesting that the growth of the arcocentrum also occurred by the deposition of the bone material to its end . However, as the shape of lateral structures differs among species, it is unclear whether findings in Atlantic salmons are applicable to other species. Detailed comparative studies based on a broader range of species are needed to reach a general understanding of the anatomy of vertebral bodies in teleosts. The analysis and comparison, not only of external shape among species, but also of internal microstructure, would allow an estimation of the basic vertebral body structure among teleost species and the causes of external shape variation. In this context, we collected vertebral bodies of 32 species from 10 orders of Teleostei and performed high-resolution micro-CT scans on them. Based on the analysis of the obtained 3D data, we described characteristics of macroscopic shapes in each species and investigated the detailed structural features shared by the species. Based on these features, we propose a formation process of vertebral lateral structure.
| MATERIALS & METHODS

| Fish specimens
To perform a comparative morphological study including a wide range of phylogenetic groups, we collected 51 individuals of 32 species from 10 orders of Teleostei (Table 1 ). All individuals were obtained by commercial bottom trawling at the coast of the Japan archipelago, or purchased on fish markets in Japan, between 2016 and 2018. Detailed collection locations of each specimen are in Table 1 . Fish identification followed Nakabo (2013) . We measured the standard body length (SL) of each specimen; total length (TL) is provided when SL could not be determined. When neither SL nor TL could not be determined, we calculated the sum of lengths of all vertebrae, except the urostyle.
Body lengths varied from 14 to 107% of the approximate maximum known SL or TL described for each species in Masuda et al. (1984) and Nakabo (2013); Table 1 ). As per the definition of Kendall Jr., Ahlstrom, and Moser (1984) , all specimens examined were past the juvenile stage. All specimens were considered to be adults or in immature adult stages, although we did not examine gonad maturity. Specimens with body length over 50% of the approximate maximum known body SL or TL (following Masuda et al., 1984 and Nakabo, 2013) were considered to be adults.
| Preparation of skeletal specimens
To prepare the skeletal specimens, we first boiled the fish for approximately 15 to 30 min, depending on the size of fish, until the body tissues were completely heated. Table 1 ). We then removed the remaining tissues using running water and air-dried the bones at room temperature (24-25 C). We observed the vertebrae in lateral view using a Leica MZ-16FA fluorescence stereomicroscope (Leica Microsystems, Wetzlar, Germany).
| Micro-CT scanning
In most fish species, the shape of the vertebral body varies depending on the anatomical position of the spinal column. In particular, the differences in the shape of the distal vertebral bodies are large; therefore, they are not suitable for comparisons among species.
Conversely, the shape of the vertebral bodies at the midpoint of the * indicates total length (TL) and ** indicates the sum of the lengths of all vertebrae (SLV), except the urostyle. In Anatomical position and Standard length, the arrangement of values is from the smallest to the largest specimen. Maximum known SL or TL follows Masuda, Amaoka, Araga, Uyeno, and Yoshino (1984) , except H. hilgendorfii and S. zonatus; for these two species, we followed Nakabo (2013). Body length ratio indicates the ratio of Standard length of the specimen to the Maximum SL or TL known. If multiple individuals of the same species were examined with CT scans, the value of the smallest specimen is described. Immersed solution indicates the solution in which vertebrae were immersed for flesh digestion.
spinal column, including the first hemal arch, is similar. Therefore, these vertebrae are suitable for a comparative analysis among species. riken.jp/set/20190301/) to make them publicly available.
To confirm whether the procedures to prepare the skeletal specimens (boiling, digesting, and drying) for high-resolution micro-CT images altered the morphology of the vertebrae, we examined the same vertebrae of Lophius litulon and Thunnus orientalis using micro-CT scans immediately after each procedure. To avoid drying of the specimens, they were wrapped with cellophane during the micro-CT scans. Comparing the micro-CT images of each step of the procedure, we confirmed that these procedures did not change the microstructure of the vertebral body ( Figures S1 and S2 ).
| Measurement of the sheet-like bone thickness
We measured the thickness of the sheet-like bones using the transverse section at the midpoint of each vertebra with the first hemal arch. To distinguish each sheet-like trabecula clearly, we first generated a binary image of the transverse section by thresholding with a variation of the IsoData algorithm using ImageJ (https://imagej.nih.
gov/ij/). Then, we obtained the profile of brightness within the range of 0-255 using the Plot Profile function ( Figure S3 . 1). We defined a sheet-like trabecula as each rectangular wave of the profile and its thickness as the peak width on the axis where the brightness equals 0 ( Figure S3 . 2).
| RESULTS
Whether the outermost lateral side of vertebral bodies, which was the focus of our study, is formed by arcocentrum or autocentrum in teleosts is still debated. According to Nordvik et al. (2005) , in Atlantic salmon the outermost side is formed by arcocentrum, whereas Arratia et al. (2001) stated that in teleosts the entire lateral side consists of autocentrum. Therefore, in this article, we use the term "sclerotomal bone" to indicate the bone that forms on the external side of vertebral bodies and discuss the components of this side.
3.1 | Data of skeletal specimens Figure 1 shows images obtained using a stereoscopic microscope of the external morphology of the vertebral bodies from 32 species.
These images allowed the observation of differences in vertebral body shape, but their resolution was not sufficient to detect differences in the fine structures. Figure 2 shows the volume-rendered micro-CT images in which the fine surface structure was clearly observed. Figure 3 shows images of the transverse sections obtained from the CT-image at the midpoint of each vertebral body, with which the fine surface structure was clearly observed. These images allowed the detection of fine structures that were difficult to identify using conventional microscopic observations.
| Characteristics of the sclerotomal bone shape in various species
Among the observed species, the internal part of the sclerotomal bone was commonly an hourglass shape as described in previous studies (Laerm, 1976; Arratia et al., 2001 . See Figure S4 ), whereas the external lateral structures exhibited many different shapes ( Figure 2 ). In most species, the lateral structures were composed of the longitudinal trabeculae and ridges (thick trabeculae) running along the craniocaudal direction. Their number, thickness, and angle showed considerable variability among species. We also noted the presence of circular dimples on the surface of vertebral bodies that was commonly found in Perciformes. The morphological characteristics listed below were shared among the multiple individuals we examined from the same species.
| Anguilliformes
In Muraenesox cinereus (Daggertooth pike conger), vertebral bodies had multiple branched longitudinal trabeculae, and a single transverse trabecula along the midpoint of the vertebral body ( Figure 2 [1]).
| Clupeiformes
In Sardinops melanostictus (Japanese pilchard), vertebral bodies had a little thick and low longitudinal ridge extending from the base of the neural arch to the lateral side of the vertebral body ( Figure 2 [2]). In
Konosirus punctatus (Dotted gizzard shad), vertebral bodies had three longitudinal ridges and two transverse ridges on the lateral side of the vertebral body ( Figure 2 [3]). All ridges were thin and low.
| Osmeriformes
In Plecoglossus altivelis altivelis (Ayu sweetfish), the vertebral body had six longitudinal ridges ( Figure 2 [4]), between which thin transverse trabeculae were formed.
| Lophiiformes
The 
| Zeiformes
The vertebral bodies of Zenopsis nebulosa (Mirror dory) and Zeus faber (John dory) had two longitudinal plate-like ridges formed by closely 
| Gasterosteiformes
In Macroramphosus sagifue, vertebral bodies had one longitudinal thin ridge and three transverse ridges on the lateral side 
| Beloniformes
In Cololabis saira (Pacific saury), vertebral bodies had a thick and low longitudinal ridge in the middle of the lateral side ( Figure 2[11] ). 12-14, 16, 18, 25, 26] ). Also, in all species except Thunnus orientalis, circular dimples were on the surface of the vertebral bodies (Figures 2[12 -14, 16, 18, 26] ). In Thunnus orientalis, the surface was smooth (Figure 2[25] ).
In 
| Tetraodontiformes
In Macrorhamphosodes uradoi, the vertebral body had almost no ridge ( Figure 2[29] ). In Takifugu pardalis, the vertebral body had one thick longitudinal ridge (Figure 2[30] ). In Takifugu snyderi and Takifugu stictonotus, the net-like structure was formed by multiple longitudinal and transverse trabeculae and was on the lateral side of the vertebral body. Also, one longitudinal thin ridge was on the side of the vertebral body (Figures 2[31, 32] ). In all four species, the vertebral arches had the net-like structure formed by thin trabeculae.
In summary, the external shapes of vertebral bodies showed con- Figure S5 ). Another structural feature was hollow spaces, which are vacant regions without any bone tissue in the internal part of vertebral bodies. We described the internal structures of the ridges and trabeculae in each species, and then analyzed the characteristics of these sheet-like trabeculae in more detail (Figures 4-7) . The characteristics described below are shared among the multiple individuals we examined from the same species.
| Anguilliformes
In Muraenesox cinereus, the ridges, which were observed as longitudi- 
| Clupeiformes
In Sardinops melanostictus and Konosirus punctatus, the small ridge 
| Osmeriformes
In Plecoglossus altivelis altivelis, three ridges extended linearly from the center of the vertebral body on each lateral side ( Figure 3[4] ). These ridges branched and fused into five ridges on the distal edge of the right side and into six ridges on the left side.
| Lophiiformes
In ). In the three species, the sheet-like trabeculae were also in the neural and hemal arches.
| Zeiformes
In Zenopsis nebulosa and Zeus faber, the straight lines of sheet-like trabeculae extending linearly in a radial direction were closely attached to each other, forming two thick plate-like ridges on each lateral side (Figures 3[8, 9] ). The sheet-like trabeculae were also in the neural and hemal arches. All sheet-like trabeculae extended directly from the center of the vertebral body in Zenopsis nebulosa (Figure 3[8] ), whereas sheet-like trabeculae were present only at the distal edge of the ridges and hollow spaces formed in the sclerotomal bone ( Figure 3[9] ). 
| Gasterosteiformes
In Macroramphosus sagifue, one thin ridge composed of dense bone extended from the center of the vertebral body on each lateral side ( Figure 3[10] ).
| Beloniformes
In Cololabis saira, one thick ridge made of dense bone extended from the center of the vertebral body on each lateral side ( Figure 3[11] ).
F I G U R E 5
Transverse sections of vertebral bodies with the first hemal arch showing sheet-like trabeculae. All transverse sections are raw CT scan slices. (1, 2, 4, 7, 9, 11) Transverse sections of the vertebral bodies of (1) Macroramphosus sagifue (SL = 90 mm), (2) Cololabis saira (SL = 281 mm), (4) Macrorhamphosodes uradoi (SL = 146 mm), (7) Takifugu pardalis, (9) Takifugu snyderi, and (11) Takifugu stictonotus. These images are of the anterior (1, 2, 4, 7, 9) and posterior (11) sections of the same vertebrae presented in Figure 3 . (13, 16, 19, 21, 23 ) Transverse sections at the midpoint of the vertebral bodies of (13) Chelidonichthys spinosus (SL = 237 mm), (16) Histiopterus typus, (19) Sebastes zonatus, (21) Scomber japonicus, (23) Rexea prometheoides. All images of (1, 2, 4, 7, 9, 11, 13, 16, 19, 21, 23) are from the vertebra with the first hemal arch of each specimen. (3, 5, 6, 8, 10, 12, 14, 15, 17, 18, 20, 22, 24) Magnified images of the areas marked with yellow rectangles in (2, 4, 7, 9, 11, 13, 16, 19, 21, 23) . Each image shows the straight radial lines indicating the sheet-like trabeculae (yellow arrowheads). The brightness and contrast of all images are adjusted for display. Abbreviations: D, dorsal; V: ventral; R: right; L: left. The directions of the dorsal-ventral axis and the left-right axis in all images are the same as shown in (1) M. sagifue. Scale bars: (1, 2, 4, 7, 9, 11, 13, 16, 19, 21, 23) 1 mm, (3, 5, 6, 8, 10, 12, 14, 15, 18, 20, 22) 500 μm, (17, 24) 300 μm
| Perciformes
In Helicolenus hilgendorfii, Sebastes oblongus, Sebastes zonatus, and Pagrus major, one thick ridge of dense bone extended from the center of the vertebral body on each lateral side. Many hollow spaces were in the ridge and in the neural and hemal arches 18] ).
Similarly, in Thunnus orientalis and Thunnus tonggol, one thick ridge on each lateral side was made of dense bone and the internal part was almost hollow (Figures 3[25, 26] ). In Acropoma hanedai and Sillago japonica, one thin ridge of dense bone extended from the center of the vertebral body on each lateral side. There were no hollow spaces on the internal part of the ridge (Figures 3[16, 19] ). In Histiopterus typus, two thin sheet-like trabeculae extended from the center of the vertebral body on each lateral side. Sheet-like trabeculae were also in the neural and hemal arches (Figure 3[20] ). In Chelidonichthys spinosus, sheet-like trabeculae extended linearly in the radial direction on the distal edge of the lateral sclerotomal bone and the neural arch.
Contrarily, in the center, trabeculae were not sheet-like shaped and had hollow spaces (Figure 3[15] ). In Trachurus japonicus, Rexea prometheoides, and Scomber japonicus, the external part of the sclerotomal bone was covered with dense bone, and the internal part had hollow spaces (Figures 3[17, 23, 24] 
| Pleuronectiformes
In Paralichthys olivaceus, two or three ridges extended radially from the center of the vertebral body on each side, and more sheet-like trabeculae were at the distal edge than near the center of the vertebral The images show that the difference of the sheet-like trabeculae thickness is less than 1.3-fold in each specimen.
(1) Thunnus orientalis (SL = 429 mm, centrum length = 7.36 mm), (2) Paralichthys olivaceus (SL = 218 mm, centrum length = 4.14 mm), and (3) Zenopsis nebulosa (SL = 360 mm, centrum length = 7.24 mm). All transverse sections are raw CT scan slices. The brightness and contrast of (1-3) are adjusted for display. Scale bars: (1-3) 1 mm. (4) Thickness of sheet-like trabeculae of vertebra with the first hemal arch in 14 individuals from 11 species. *p < .05, **p < .01. Welch's t-test was performed for the comparison between lateral proximal and lateral distal regions and the Tukey HSD test was performed for the comparison of dorsal, ventral, and lateral distal regions. Error bars indicate the standard error. The value of average thickness and standard error of each specimen is described in Table 2 body ( Figure 3[27] ). The sheet-like trabeculae also extended dorsally and ventrally in the sclerotomal bone. In Hippoglossoides dubius, four sheet-like trabeculae extended radially from the center of the vertebral body on each lateral side ( Figure 3[28] ).
| Tetraodontiformes
In Macrorhamphosodes uradoi, the external part of the sclerotomal bone was covered with dense bone and no ridges or trabeculae were on each side (Figure 3[29] ). In Takifugu pardalis, one thick ridge made of dense bone extended radially from the center of the vertebral body on each side (Figure 3[30] ). In Takifugu snyderi, one thin ridge made of dense bone and multiple thin trabeculae extended radially from the center of the vertebral body on each side ( Figure 3[31] ). In Takifugu stictonotus, multiple thin trabeculae extended radially from the center of the vertebral body on each side (Figure 3[32] . See also Figure 5 [11]). In all four species, fine trabeculae were present in the neural and hemal arches (Figures 3[29-32] ).
| Sheet-like trabeculae
We further detailed the morphological features of the sheet-like trabeculae by examining the species Lophius litulon, Zenopsis nebulosa, and Thunnus orientalis. These species exhibited significantly different shapes of sclerotomal bones, and the sheet-like trabeculae were more (3, 4, 7, 8, 11, 12, 15, 16, 19, 20) Magnified images of the areas marked with rectangles in (2, 6, 10, 14, 18) . Note that the sheet-like trabeculae can be observed both around the center of the vertebral bodies and at the end of the lateral structure in Z. nebulosa and L. setigerus; but the sheet-like trabeculae exist only at the end and cannot be observed around the center in Z. faber, C. spinosus, and T. tonggol. All transverse sections are raw CT scan slices. The brightness and contrast of (2, 6, 10, 14, 18) are adjusted for display. Scale bars: (2, 6, 10, 14, 18) 1 mm, (3, 4, 7, 8, 11, 12, 15, 16, 19, 20) 500 μm evident than in other species with similar external shapes. Therefore, the structural characteristics of their sheet-like trabeculae were clearly ). In total, the sheet-like trabeculae were detected in 20 of the 32 examined species. Hence, it was expected that the sheet-like trabeculae were a shared basic structural unit among the species in Teleostei. Another important characteristic of the sheet-like trabeculae as a structural unit was its thickness. We measured the thickness of sheet-like trabeculae from different regions of the vertebral body and of the neural and hemal arches in 14 individuals of 11 species, in which the trabeculae could be clearly observed ( Table 2, the measurement method is illustrated in Figure S3 ). The graph in Figure 6 shows these results. The thickness of the sheet-like trabeculae ranged from 30-100 μm ( Figure 6 Figure S5 ).
In Lophiomus setigerus, Chaunax abei, Zeus faber, Takifugu pardalis, and Hippoglossoides dubius the difference was relatively larger, but remained within the range of 1.7-fold. A more impressive result was the small difference of the trabecular thickness between the proximal part and the distal edge of the vertebral body. In Zenopsis nebulosa, although the lateral ridge was more than seven times thicker in the distal part than in the proximal one, the thickness of each trabecula was almost the same ( Figure 6 and Table 2 ). Instead, the number of trabeculae increased. This was also observed in Lophiomus setigerus, Lophius litulon, and Paralichthys olivaceus ( Figure S5 ; Table 2 ).
| Internal hollow spaces
Another structural feature of the vertebral bodies is the hollow spaces Figures 3[12, 13, 14, 17, 18, [21] [22] [23] [24] [25] [26] ). The angle of the radial sheet-like trabeculae at the distal regions was not affected by the presence or absence of the hollow spaces (14) (15) (16) (18) (19) (20) ). Therefore, it seems that the hollow spaces appeared after the sheet-like trabeculae, and probably through an independent mechanism.
| DISCUSSION
In this study, we observed the fine 3D-structure of vertebral bodies of 32 species from 10 orders of teleost fishes using micro-CT scans, and found two common structural units: the sheet-like trabeculae and the internal hollow spaces. Twenty-six examined species had either one or both feature, that is, sheet-like trabeculae and internal hollow spaces, these two structural features were hypothesized to be shared among teleost species.
T A B L E 2 Thickness of the sheet-like trabeculae of 14 individuals from 11 species based on the measurements of the vertebrae with the first hemal arch
Lateral ( Notes. In Standard length, * indicates total length (TL), and ** indicates the sum of the lengths of all vertebrae, except the urostyle. Ns indicates the number of sheet-like trabeculae measured. ND (No Data) indicates that the sheet-like trabecula was not detected on the internal part of the lateral structure in Z. faber and T. orientalis. Also, it indicates that the proximal and distal regions of the sheet-like trabeculae could not be distinguished in T. pardalis, T. snyderi, and T. stictonotus, as the lines that are used to identify the sheet-like trabeculae were too short. Lateral (proximal or distal), dorsal, and ventral regions in which we obtained the brightness plots of each specimen are illustrated in Figure S5 .
| Combination of sheet-like trabeculae and internal hollow spaces
The variations in the 3D shape of the vertebrae can be generated by different arrangements of two common elements (Figure 8 ). The first element is the sheet-like trabeculae, which have flat shape and uniform thickness and extend radially from the center of the vertebrae. When the sheet-like trabeculae were spaced apart (without stacking), they formed a net-like structure; this was observed in Lophiomus setigerus, Lophius litulon, Chaunax abei, Histiopterus typus, Hippoglossoides dubius, Macrorhamphosodes uradoi, Takifugu pardalis, Takifugu snyderi, and
Takifugu stictonotus (Figures 8[1, 4] ). Also, densely stacked trabeculae form a plate-like ridge (Figures 8[2, 3, 5, 6] ). Different stacking, may create different bone morphologies. When the sheet-like trabeculae were stacked in one place, they formed a single thick ridge, as in Cololabis saira. When gathering in two or three places, they formed ridges resembling the outlines of Zenopsis nebulosa or Paralichthys olivaceus (Figures 8[5, 6] ). Therefore, the external shape of the vertebrae was mostly determined by how the sheet-like trabeculae were stacked.
The second element was the hollow spaces that occur near the center of the sclerotomal bone. In Chelidonichthys spinosus, Zeus faber, Sebastes zonatus, Thunnus tonggol, and Thunnus orientalis, hollow spaces were found irrespective to the different arrangement of the sheet-like trabeculae ). Even between closely related species, there was a difference in the presence and absence of the hollow spaces. For example, among species with one thick ridge, the vertebrae of Sardinops melanostictus, Konosirus punctatus, Acropoma hanedai, and Sillago japonica did not have internal hollow spaces ( Figure 8 [6]), whereas those of Helicolenus hilgendorfii, Sebastes oblongus, and Pagrus major had internal hollow spaces (Figure 8[9] ). Therefore, the presence or absence of the hollow spaces is another parameter that categorizes the shape of the vertebrae.
These data help us understand the diversity of sclerotomal bone shapes among teleosts in a unified context. Some species shown in this paper were not separated in the proposed categories as the sheet-like trabeculae were not identified. However, this could be because of the limit of detection of the micro-CT scans. The use of higher-resolution CT scans (e.g., synchrotron X-ray CT scans) or of younger specimens may allow the detection of sheet-like trabeculae in these species and, consequently, their inclusion in the proposed categories.
4.2 | Formation of sheet-like trabeculae Nordvik et al. (2005) reported that, in the Atlantic salmon, the lateral sides of each vertebral body have trabeculae extending radially and branching from the center. In addition, they observed that the tips of each trabeculae are covered with densely assembled osteoblasts.
Based on these facts, they hypothesized that the vertebral body grows outward by adding bone selectively to the end of the trabeculae. Our results showed that trabecular structures with similar properties are common structural units in the fish vertebrae. Therefore, the prediction of Nordvik et al. (2005) is likely to be applicable to fish in general. However, the presence of osteoblasts at the tip is insufficient
to explain the precise radial angle that the sheet-like trabeculae maintain even in the region far from the center of the vertebral body. It is also insufficient to explain how the sheet-like trabeculae correctly keep the same thickness. We hope future studies will solve this problem.
| Formation of internal hollow spaces
In the comparative studies in the broader range of the phylogenetic groups, we discovered that some species of fish have internal hollow spaces which have not been identified in previous studies. So far, the current models of morphogenesis of the sclerotomal bone do not take into account bone remodeling , as they did not identify the presence of osteoclasts in the vertebral body of teleost fish (Witten & Villwock, 1997) or they identified only a few degraded osteocytes (Cao et al., 2011) . However, recent reports by Atkins et al. (2014) reject the suggestions of these former studies; they detected the presence of secondary osteons in rostral bones of billfishes, which indicates bone remodeling. Moreover, they showed an example of bone remodeling occurring as a response to the external loading of mechanical stress (Atkins, Milgram, Weiner, & Shahar, 2015) . The presence of the internal hollow spaces as documented here suggests show the different arrangements of the sheet-like trabeculae: the sheet-like trabeculae are arranged sparsely in (4) and the multiple sheet-like trabeculae are closely attached to form the thick plate-like ridges in (5) and (6). (7-9) Transverse sections at midpoint of the vertebral body (1-3). The arrangements of the sheet-like trabeculae are the same in (4-6), respectively, but the images of (7-9) show the internal hollow spaces that the bone absorption occurred at the proximal region of the vertebrae, thus supporting the latter possibility. Which type of cells form the internal hollow spaces is a question that remains to be elucidated and, for this, more histological studies on the developmental stages from juvenile to adult are needed.
| Component of the vertebral body and vertebral arch
In Teleostei, the vertebrae of extant species are composed of four major components: chordacentrum, autocentrum, the cartilaginous arcualia and arcocentrum (Arratia et al., 2001) . Currently, there are multiple opinions about which components form the vertebral arches. Arratia et al. (2001) suggested that the autocentrum forms the internal amphicoelous hourglass shape and the external lateral structure, while the arcocentrum only forms the vertebral arches. However, Nordvik et al. (2005) suggested that the arcocentrum covers the hourglass-shaped autocentrum to form the external lateral structure of the vertebral body as well as the vertebral arches. A comparative study among other teleost species is required to clarify this discrepancy. In this article, we show that both the vertebral body and vertebral arches were formed of the sheetlike trabeculae with identical characteristics in 20 teleost species. Therefore, our data supports the hypothesis of Nordvik et al. (2005) , that the vertebral body and arches are constituted of the same components.
